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Hydroxyapatite (HAP) nanoparticles were synthesized at room temperature using hydrolyzed gelatin (HG) as an additive. The
crystallinity of HAP particles can be effectively controlled by adjusting the concentration of HG additive and the pH value of
reaction system. The synthesized product was analyzed by Fourier transform infrared (FTIR) spectrometer, energy dispersive
spectrometer (EDS), X-ray diffractometry (XRD), and transmission electron microscope (TEM). Meanwhile, it was proved that,
with HG additive, HAP can be prepared with the calcium-phosphorus ratio of not only 1.67 but also 1.50. Conventionally, HAP
particles need to be synthesized at high temperature with iCa/P = 1.67.Therefore, we believe that this study provides a novel strategy
for the preparation of nano-HAP.

1. Introduction

Hydroxyapatite (HAP) has attracted much attention recently
in the field of bioengineering [1], especially as a bone sub-
stitute material due to its biological compatibility and bone
conduction. A variety of methods have been developed to
synthesize HAP nanoparticles [2–7], such as phase transfor-
mation, chemical deposition, hydrothermal, andmicroemul-
sion methods. Researchers found that HAP crystal growth
depended greatly on the properties of the starting solution,
and the morphology of the HAP crystals could be affected
by the initial Ca/P ratio (iCa/P). Conventionally, pure HAP
particles can be synthesized at the higher temperature with
iCa/P = 1.67 [8]. Compared to these artificially synthesized
particles, HAP particles obtained from natural bone exhibit
better mechanical and biological properties [9].This biomin-
eralization process involves interactions between organic
natural polymer and inorganic matter [10]. The functional
groups of organic natural polymer can interact with calcium
ions and promote nucleation via molecular recognition. The
interaction between functional groups of organic natural
polymer and ions in the solution decreases the nucleation

activation energy to some extent. Therefore, it is possible to
obtain HAP nanoparticles at room temperature. Moreover,
the addition of organic natural polymer can also promote the
formation of structural organization through polymer-ion
interactions. Therefore, we have developed a new strategy in
this work to obtain HAP nanoparticles using some principles
of biomineralization.

Animal bone is an organic/inorganic composite with
collagen and HAP. Previous studies reported that collagen
promoted the formation of HAP in collagen fibrils scaffold
[11]. Collagen is a kind of nature polymer. This inspired us
to design a new way to prepare the nano-HAP using the
hydrolyzed gelatin (HG) as a multifunctional additive. Our
procedure for preparation of the nano-HAP is shown in
Scheme 1.

The rationales under our design include the following. (1)
HG is the degradation product of collagen. It may enhance
the formation of HAP as it has the similar amino acid
composition to collagen. (2) HG is soluble in cold water,
which facilitates HAP purification. (3) It is expected that the
terminal functional groups, such as carboxyl group, hydroxyl
oxygen atoms, and oxygen atoms fromhydroxyl and carbonyl
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Scheme 1: Preparation of the nanohydroxyapatite using hydrolyzed gelatin as an additive.

groups [7, 11], in HG molecules can interact with calcium
ions. This kind of interactions may promote the formation
of HAP and the mediation of the morphology in nano-HAP
particles. (4) This additive may also reduce the aggregation
of the particles and induce the formation of certain mor-
phology due to the three-dimensional conformation formed
by polypeptide chains in the HG solution. (5) HG is also
commercially available and environmentally friendly. This
report provides a detailed description of this novel nano-HAP
synthesis using HG as a functional additive.

2. Experimental

2.1. Preparation. A certain amount of HG (2wt%, 5wt%, and
10wt%) was firstly dissolved in Ca(NO

3
)
2
aqueous solution,

and then (NH
4
)
2
HPO
4
aqueous solution was added slowly,

until the ratio of n(Ca) to n(P) reached 1.67 (HAP-1, HAP-
2, and HAP-3) and 1.50 (HAP-7). The pH (7.5, 8.5, 9.5, and
10.5) of the obtained solution was adjusted by adding varying
amounts of NH

3
⋅H
2
O (HAP-4, HAP-5, HAP-6, and HAP-2).

After stirring for 10 h at room temperature, the slurry was
filtered, washed, and air-dried, and then the resulting white
powders were obtained.

The influence of the initial pH on HAP morphology was
investigated under the condition of a fixed amount of HG
(5wt%) and the ratio of nCa/P (1.67). The effects of HG were
studied by fixing the initial pH at 10.5 and the nCa/P ratio
at 1.67. Finally, for the experiments designed to investigate
the effects of the nCa/P ratio (1.50, 1.67), the initial pH was
set at 10.5, and the amount of HG added was 5wt%. As a
comparison, a sample prepared without HG under similar
conditions was synthesized. In order to remove hydrolyzed
gelatin, HAP-2 was calcined at 700∘C as the control sample

Table 1: Experimental parameters for preparing HAP samples.

Sample HG
(wt%)

Ca2+/P3+
(molar ratio) pH Calcined at

700∘C
HAP-1 2 5 : 3 10.5 No
HAP-2 5 5 : 3 10.5 No
HAP-3 10 5 : 3 10.5 No
HAP-4 5 5 : 3 7.5 No
HAP-5 5 5 : 3 8.5 No
HAP-6 5 5 : 3 9.5 No
HAP-7 5 3 : 2 10.5 No
HAP-8 5 5 : 3 10.5 Yes

(HAP-8). Table 1 summarizes the experimental parameters
for preparing the various HAP samples in this study.

2.2. Characterization. The samples were characterized using
scanning electron microscope (SEM; HITACHI S-4700),
transmission electron microscope (TEM; JEM-100CX), X-
ray diffractometry (XRD; D/Max2500VB2+/PC; Cu-Ka radi-
ation at 40 kV with an X-ray diffractometer), and Fourier
transform infrared spectrometer (FTIR; Nexus 670).

3. Results and Discussion

Crystalline structures of HAP nanoparticles with various HG
contents were confirmed by XRDmeasurements as shown in
Figure 1.The samplewithoutHGexhibits different diffraction
pattern from the standardized HAP. Poorly crystalline HAP
phases formed as the HG content in the solution was greater
than 5wt%.TheX-ray diffraction pattern ofHAP-2 evidenced
a much higher intensity for the (211), (310), and (231) peaks
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Figure 1: XRD patterns of (a) HAP-1, (b) HAP-2, (c) HAP-3, and (d)
sample synthesized without HG.

than the intensity of the HAP-1 peaks characteristic of HAP.
This result can be attributed to a preferential growth of the
HAP crystals in the (211), (310), and (231) directions due to
the HG influence. However, with the increase of HG content,
the formation of a large number of nuclei sufficiently depletes
the concentration of calcium ions that are available for growth
such that the crystals cannot grow very large. The preferred
orientations of planes (002) and (310) were maintained in
the sample series until HAP-2 and then fell precipitously
as the HG content was increased to 10wt%. The formation
and growth of HAP crystals were greatly influenced by the
excess amount of HG. At the same time, it has also been
found that the intensity of the peaks at 2𝜃 ≈ 28∘ presents a
rising tendency with the increase of HG content. It is well
known that HAP contains two polymorphs: hexagonal and
monoclinic. The hexagonal prism is related to the plane (102)
(2𝜃 ≈ 28

∘
) [12]. The result shows that HG can work well

as a functional additive to promote the transformation of
polymorphs. Therefore we speculate that when increasing
the contents of HG, the monoclinic HAP polymorph would
transform into the hexagonal one. These results indicate that
the addition of HG is necessary for the synthesis of HAP.

The effect of pH changes on and crystallization behav-
ior of HAP was evaluated using X-ray diffraction analysis
(Figure 2). The characteristic peaks at 25.8∘, 31.8∘, 33.9∘,
and 39.8∘ correspond to the (002), (211), (202), and (310)
diffractions of the standard HAP crystallites, respectively. At
the pH of 7.5, the HAP phase is directly observed on XRD
pattern by adding HG. The increased XRD peak intensity
implies that the crystallinity of HAP increases with the
increase of the pH value. And the intensity of peaks at 2𝜃 ≈
28

∘ presents decline tendency with the increase of the pH
value. It shows that the polymorphs and the crystallinity of
HAP can be changed by controlling the pH of the initial
reaction, which results in altering the morphology and size
of HAP.

We also synthesized pure HAP nanoparticles using an
initial Ca/P ratio of 1.50. The XRD patterns (Figure 3) show
the characteristic peaks similar to those of HAP-2. Normally,
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Figure 2: XRD patterns of the HAP with varying pH: (a) 7.5, (b) 8.5,
(c) 9.5, and (d) 10.5.
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Figure 3: XRD patterns of products with varying Ca/P molar ratio:
(a) 1.50 (HAP-7) and (b) 1.67 (HAP-2).

without HG as an additive, HAP could not be synthesized
with the Ca/P ratio of 1.50. The amorphous calcium phos-
phate (TCP) precursor could be prepared by conventional
chemical precipitation methods without HG with the ratio of
1.50 (HAP-7). In this work, we found that the HG was able
to promote the formation of HAP with initial Ca/P molar
ratio of 1.50. The impurity phases were inhibited by adding
HG, demonstrating HG’s promotion of HAP formation. We
speculate that HG can work well as a functional additive to
reduce the transition enthalpy from TCP to HAP.

Figure 4(a) shows the FTIR spectra of the sample HAP-2
synthesized with HG. In order to further understand the
structure of the components and formation process of
HAP, the FTIR spectra of the HG (Figure 4(b)) and HAP-
8 (Figure 4(c)) are also shown as comparison. Both HAP-2
andHAP-8have the absorption bands at 1036 cm−1, 565 cm−1,
and 603 cm−1, confirming the presence of a phosphate group.
Moreover, typical absorption bands for hydroxyl vibrational
modes at 3572 cm−1 were also identified for both samples. It
is noted that HAP-2 has the absorption band at 1638 cm−1,
which is due to the presence of C=O in HG and a broad
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Figure 4: FTIR spectra of (a) HAP-2, (b) HG, and (c) HAP-8.

absorption band at 3572 cm−1 which represents overlapping
peaks of amido and hydroxyl groups. Furthermore, the bands
at 1421 cm−1 and 1456 cm−1 can be attributed to the existence
of carboxylate, confirming the chemical bonding between
HG and calcium ions. Compared to HAP-2, there are no
absorption bands of C=O and carboxylate inHAP-8, which is
the result of the removal of HG after calcination. Comparing
with HAP-2 and HAP-8, the red shift of 1640 cm−1 band
in HG was used to confirm the chemical bond formation
between carboxyl ions in HG and HAP. It is believed that
the red shift in the HAP-2 system is encouraged by the
wagging vibration through the covalent bond formation with
Ca2+ ions of HAP nanocrystals. Overall, the FTIR results are
consistent with the XRD results.

The elemental composition andmicrostructure of HAP-2
andHAP-8 were investigated using EDS and TEM (Figure 5).
From the EDS analysis, we can easily identify the exis-
tence of oxygen, carbon, calcium, and phosphorus atoms
in both HAP-2 (Figure 5(a)) and HAP-8 (Figure 5(b)). The
relative ratio of calcium to phosphorus (Ca/P) is approxi-
mately 1.62, which is close to the initial set value of 1.67.

The calcium deficiency may be due to the EDS measure-
ment error or caused by the imperfect crystal lattice and
the presence of additional phases. TEM images show that
HAP-2 (Figure 5(c)) nanoparticles are generally spherical and
the particles size is approximately 40–60 nm in diameter.
Compared to HAP-2 (Figure 5(c)), the particle size of HAP-
8 (about 30–100 nm, see Figure 5(d)) increased after the
removal of HG on the surface, suggesting that HG also played
an important role in the particle size control during the
synthesis of HAP.

Our findingsmay be explained by themolecular structure
of the added gelatin. The molecular chain of hydrolyzed
gelatin is composed of a series of amino acids and their
telopeptides consist of many functional groups, such as
carboxyl group, hydroxyl oxygen atom, and oxygen atoms
from hydroxyl and carbonyl groups. Scheme 2 shows the
schematic representation of HAP microcrystal formation via
terminal carboxyl group. As the calcium ions accumulate
near the terminal carboxyl group and interact with it, thus,
terminal carboxyl groupmust gain an overall positive charge.
These positively charged areas may be attracted to negatively
charged phosphate ions (PO

4
)3−, initiating the nucleation of

HAP particles on the terminal of hydrolyzed gelatin chain
[11, 13, 14]. The HG solution can provide more terminal
carboxyl group for the selective attraction of calcium ions,
which facilitates the nuclei formation of HAP. Moreover, HG
can serve as a good dispersant to inhibit the conglomeration
of HAP [15].

4. Conclusion

In contrast to conventional high temperature synthesis, we
developed a synthesis protocol of the nanohydroxyapatite at
room temperature using a hydrolyzed gelatin as an additive.
The results demonstrated that the HG can promote the
formation of HAP, even in the calcium-deficient case (Ca/P
molar ratio of 1.50), and act as a dispersant and structure
modifier as well. The amount of HG and the initial pH of
the precursor reactants greatly influenced the nucleation and
growth of HA nanocrystals. The as-synthesized HAP has
uniformly spherical structure and an average particle size of
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Figure 5: EDS and TEM images of (a, c) HAP-2 and (b, d) HAP-8.

about 40–60 nm. We believe the method described in this
study is an efficient and facile strategy for the synthesis of
well-dispersed nano-HAP.
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